The values of the rain rates were calculated by using a new revised model. The obtained values of rain rates were compared with the ITU-R (International Telecommunication Union -Radio Regulations) value ascribed to Lithuania and with ones measured in the Lithuanian Weather Stations. The dependences of rain attenuation on the frequency for three locations of Biržai, Vilnius, and Kaunas have been calculated by using the values of the rain rates R obtained here and the ITU-R value. The dependence of rain attenuation on the frequency for Biržai has been calculated by using the value of rain rate obtained using Chebil's model as well. The suspicion that ITU-R value of R 0.01% is too low, described in previous paper, has been confirmed by the data presented here.
Introduction
The electromagnetic waves propagating in atmosphere are attenuated due to their scattering and absorption by rain, snow, ice particles, fog, and clouds. The electromagnetic waves attenuation due to rain medium is one of the most important factors when analysing the wave propagation at frequencies of 10 GHz and higher [1] .
It is mentioned in [2] that the attenuation due to absorption is larger than attenuation due to scattering for wavelengths that are small compared with the drop size. For wavelengths that are great compared to drop size, the attenuation due to scattering is greater than attenuation due to absorption. The drop sizes are coupled with the rain rate R [3] . The prediction of rain rate is the most important step when analysing rain attenuation [4] . Although the rain rate is presented in millimetres per hour (mm/h), an important parameter is the integration time, i. e. the time between readings of the rainfall [2] . An integration time of 1 minute was * The report presented at the International Conference "Radiation interaction with Material and its Use in Technologies 2006", 28-30 September 2006, Kaunas, Lithuania.
used in [5] . In [6] , an integration time of 5 minutes was used. Rainfall rate is highly variable, both in terms of location and time [4] . Therefore the rain rate and attenuation due to rain are analysed for concrete climate conditions [4] , [6] [7] [8] . In [2] , it was concluded that ITU-R (International Telecommunication Union -Radio Regulations) proposed data is not suitable for microwave line planning in Latvia. It is worth to mention that the territory of Latvia is in ITU-R rain zone E [2] and it is in the same rain zone as the territory of Lithuania. In [9] , we presented the prediction of rain rate using local thunderstorm rainfall data. The obtained results showed that the values of rain rates vary starting from 43.9 up to 69.7 mm/h in different locations of Lithuania.
In previous publication [4] , we presented the calculations of rain rates and attenuation due to rain at Lithuanian climatic conditions. According to the local peculiarities of climatic conditions the change in Chebil's model [5] was made. It has been mentioned in [4] that the ITU-R value of R 0.01% = 22 mm/h [10] attributed to Lithuania does not describe correctly enough the Lithuanian climatic conditions and there is a need to specify this rain zone designation.
The main goals of this paper were to analyse the data of rainfall measured in the Lithuanian Weather Stations, to compare it with ITU-R value R 0.01% = 22 mm/h [10] and with the one calculated by using a new revised model, and to numerically determine the specific rain attenuation as well.
The analysis of the rainfall data measured in the Lithuanian Weather Stations
We analysed the rainfall data measured in the Lithuanian Weather Stations in the period starting from year 1999 up to year 2004. The integration time was ten minutes. The values of rain rates for 0.01% of time measured in Biržai, Vilnius, and Kaunas are presented in Table 1 .
The data presented in Table 1 shows that the values of R 0.01% in Biržai vary from 23. Table 1 are: 45.5 mm/h in Biržai, 35.2 mm/h in Vilnius, and 35 mm/h in Kaunas. Even the average value of R 0.01% in Biržai is by 51% higher than ITU-R value R 0.01% = 22 mm/h. And the average values of R 0.01% in Vilnius and Kaunas are by 37% higher than this ITU-R value. The suspicion that ITU-R value of R 0.01% is too low, expressed in [4] , is confirmed by the data presented in Table 1 .
A new model for estimation of the R 0.01% value
It was concluded in [4] that investigation of meteorological data shows the necessity to modify Chebil's [5] and with the values numerically obtained by using improved model [4] confirmed this conclusion ( Table 2) . The values of rain rates determined by using Chebil's model [5] are higher by 58.1% (in Kaunas) up to 93.3% (in Biržai) than the average values measured over the period of years 1999-2004 ( Table 2) . The values of rain rates calculated by using the improved model [4] are from 35.8% (in Biržai) up to 52.1% (in Vilnius) higher than the average values measured over the period of years 1999-2004 (Table 2) .
In [5] , the rain rate value for 0.01% was expressed as
where α = 12.2903, β = 0.2973, M is the average annual precipitation. This relation was modified in [4] :
where 0 ≤ γ ≤ 1.0 is the coefficient of a warm period of the year. According to the data of Lithuanian Weather Stations collected in the period from 1999 up to 2004, a new revised model for the rain rate estimation was obtained. The review of results measured in Lithuanian Weather Stations (see Table 1 ) shows that the relation between R 0.01% and the annual precipitation can be written as
where γ = 0.6; the coefficient a = 4.00 in Biržai, a = 3.23 in Vilnius, and a = 3.32 in Kaunas. The values of R 0.01% calculated by using the relation (3) are: R 0.01% = 44.2 mm/h in Biržai, R 0.01% = 34.9 mm/h in Vilnius, and R 0.01% = 34.9 mm/h in Kaunas. Fig. 1 . Dependences of the specific rain attenuation A on the radio signal frequency f for different values of rain rates R 0.01% (for horizontal polarization at a rain temperature of 20
One of the most widely accepted methods of dealing with excess path attenuation A due to rainfall is an empirical procedure based on the approximate relation between A and rain rate R [1]:
where b and c are functions on frequency f and rain temperature T . Considering the relation (3), Eq. (4) can be written as
Relation (5) is a new model for the electromagnetic wave attenuation due to rain medium in atmosphere.
In [1] , the values of b and c for horizontal polarizations are based on a rain temperature of 20 • C and the Laws-Parson drop-size distribution. The dependences of specific rain attenuation A on frequency f for horizontal polarization at a rain temperature of 20 • C have been calculated using Eq. 5 and the values of b and c have been taken from [1] . These dependences, numerically determined by using the rain rate values obtained for Biržai (R 0.01% = 45 mm/h), Vilnius (R 0.01% = 35 mm/h), Kaunas (R 0.01% = 35 mm/h), and the ITU-R value R 0.01% = 22 mm/h [10] , are presented in Fig. 1 . The dependence of specific rain attenuation on frequency f calculated by using the value R = 83 mm/h obtained for Biržai by using Chebil's model [5] and the specific attenuation dependence on frequency for rain rate R = 22 mm/h (the ITU-R value) have been calculated and shown in Fig. 1 as well. In Biržai, the value of A is higher by 5.8 dB/km than the A value obtained by using the ITU-R value R 0.01% = 22 mm/h and it is by 9.7 dB/km higher than the one calculated by using the value R 0.01% = 83 mm/h obtained in Chebil's model when f = 40 GHz (see Fig. 1 ). The values of specific rain attenuation in Vilnius and Kaunas are by 3.5 dB/km higher than those calculated by using the ITU-R value of rain rate R 0.01% = 22 mm/h when f = 40 GHz.
Conclusions
New model for the electromagnetic wave attenuation due to rain medium in atmosphere has been presented for the first time. The suspicion that ITU-R value of R 0.01% is too low, described in [4] , has been confirmed by the experimental observation data presented in Table 1 . There is a need to specify this value by using measured data of rain rates during a thirty year period. An integration time of 1 minute should be used for rain rate measurements.
The data presented here show that the value of specific rain attenuation in Vilnius is the same as in Kaunas.
